Abstract. In view of solar arrays applied in large-scale stratospheric airship, modular thinking was proposed by reasonable decomposition of solar array to design composite maximum power point tracking (MPPT) controller where the input and output are both in parallel, which ensures maximize solar energy output on a limited area. And each solar array sub-model was equipped with independent MPPT controller to control power tracking separately. Then, the solar array composed of three sub-models was used for simulation and its result indicates that MPPT controller of each sub-model can track the power quickly, and the output power can reach 93% of maximum input power when the efficiency loss of converter is not considered in reality. So, the model constructed in this paper can be used to optimize the design and analyze output characteristics quantitatively for the large-scale stratospheric airship's solar array.
Introduction
Different from the traditional airship, stratospheric airship has superiority of long endurance, wide coverage, strong survival ability, low cost of manufacturing and maintenance, timeliness and accuracy in wireless communication and other features [1, 2] . So stratospheric airship has high value both in military and civilian [3, 4] .
In general, solar arrays are installed on the top curved surface of stratospheric airship. Subject to larger dimension of airship and area of solar arrays, there is a great diversity existing in light obtaining and surface temperature of different solar array module. The above factors will result in a large difference in the output characteristics for different solar array modules. And also there are multi-peak power points in output characteristic curve if outputs of solar arrays are in parallel all together. Power generated by the solar array will be much lower than the actual largest possible value because of these points, moreover, the heat generated by the solar array in the lower light region may cause harm to the solar cell module [5, 6] .
Furthermore, in the case of the existence of multi-peak power point, the universal algorithms about MPPT are difficult to capture the maximum power point, thereby making it not sure that solar array operates at maximum output power point. Although, in the case of above circumstances, some research have proposed related control algorithms in recent years, generally they are very complex and need more advanced microprocessor. However, the effect is not better in reality [7] . So, modular thinking is proposed to design composite MPPT controller that the input and output are both in parallel, which equipping each of the solar array with independent MPPT controller to control power tracking separately.
Algorithms of Tracking Peak Power
At present, algorithm of tracking solar array peak power mainly comprises constant voltage method, perturbation and observation method, the incremental conductance method [8] , etc. The constant voltage method operates by using approximately proportional relationship between operating voltage of photovoltaic device at the maximum power point and open circuit voltage, this method has low control accuracy and only can be applied to conditions of small power and stable input irradiance. The incremental conductance method has better control effect with high control stability, but it is complex and has high accuracy requirements on sampling. Currently, perturbation and observation is the most commonly used MPPT method in photovoltaic system, but it cannot track fast enough when radiation is in dramatic changes. However, taking the actual situation the stratospheric airships changes slower when receiving radiation into account, this method can be used in this paper.
Perturbation and observation method is used in this paper (as shown in figure 2), measuring current and voltage values of PV continuously and calculating solar power output, designing changes of the duty cycle according to five work points. At the point of peak power dP / dI=0; 1 and 3 positions, dP / dI>0, it indicates that current should be reduced to make the output power close the maximum power point; 2 and 4 positions, dP / dI<0, it indicates that current should be increased. The current is changed by duty cycle according to the input of reference current. And the control state of the converter is listed below: 
Main Circuit Design
In order to express the design ideas of main circuit more accurately, it is explained as follows in combination with a particular example. Prerequisites: At the maximum power point, the output voltage range is 224 to 308V when solar cell modules are in series; Duty cycle of controller: 0.2～0.5；Working mode of main circuit: Boost mode; Requirements of output voltage: 260～420V；Reference light conditions: 1353W/m 2 . Parametric Analysis: For boost topology, since the minimum input voltage is the worst case with the maximum duty cycle, and average current value（I L =I o /(1-D)） is the maximum at this time. So, the maximum input voltage V INMAX is not considered in actual design, and it is just a completely irrelevant limit. It can be obtained based on the above analysis:
Peak inductor current can be obtained according to the rate of current ripple:
For boost circuit, V ON =V OFF , so, the value of L min can be got according to f:
According to the relationship between output filter capacitor and voltage ripple:
It can be got that:
Parameter Value: Based on the above prerequisites and the mathematical model, I o is taken as 26A, and D is 0.125 in practice. So, it can be obtained that I L is 30A according to equation (1) . Assuming current ripple rate is 0.2, the value of I PK , 33A, can be calculated according to equation (2) . In boost circuit, f is taken as 20 kHz, so L min is 323µF according to equation (3) . Further, according to equation (4) and equation (5), the result of C min is 33µF. Generally speaking, the resistance of filter capacitor is a major factor causing ripple. The size requirements of capacitor would be reached as long as the requirements of the equivalent resistance can be meet, and the actual capacitance value is much greater than the calculated value. In addition, multiple MPPTs use the output capacitor together, so capacitance value should be enlarged to corresponding multiples. 1000µF is selected as capacitance value in this paper.
Simulation
The simulation model is shown in Figure 2 , here are some explanations for it:
1) The composite MPPT converter consists of three relatively independent Boost circuit, based on the above description, Boost circuit is designed specifically like this: the input stage are independent which connected to corresponding solar sub-arrays, while the output stage is connected in parallel through cables. 2) A 3.5 ohm resistor is used to replace the output load, and the power consumption of it can be up to about 30kW when the output voltage is 330V.
3) The designing power of three solar sub-arrays is different from each other, they are listed below: 1-8kW, 2-8kW and 3-9kW. 4) The variation patterns of inputting light intensity of three solar arrays are different, which is used to assess tracking performance of composite MPPT. Figure 3 shows changes of inputting light intensity, solar array output power, MPPT output voltage and duty cycle of the three solar sub-arrays. It shows that the variations of output power are consistent with the input light intensity, and MPPT can track the power quickly. Figure 4 shows the case of tracking output voltage and total power. Eventually, power output stabilizes at 31kW. If the efficiency loss of converter in the actual operation is not considered, the output power can reach 93% of maximum input power. In addition, it is showed in figure 4 that the variation of input light intensity would make the output voltage change in the same direction. 
Summary
By reasonable decomposition of solar array, modular thinking is proposed to design MPPT controller that the input and output are both in parallel, which equipping each of the solar sub-array with independent MPPT controller to control power tracking separately, and following conclusions can be obtained through research:
(1) By comparing the current MPPT control methods and taking the actual situation that stratospheric airships change slowly when receiving radiation into account, this paper choose perturbation and observation method to control peak power tracking characteristics. (2) For the peak power tracking of a number of relatively independent solar sub-arrays, input stage of each MPPT controller connected to corresponding solar sub-array independently, while the output stage is connected in parallel through cables, which can track peak power of each solar sub-array independently. (3) Based on the results of MATLAB simulation modeling, both consistency and tracking results illustrate the effectiveness of the peak power tracking adopted in paper, which demonstrates that the method can be used to optimize the design and analyze output characteristics quantitatively for the large-scale stratospheric airship's solar array.
